I chose this subject because, ten years ago, I described the state of knowledge of the changes in the teeth and mouth that appear to be due to advancing age (Miles 1961) and it seemed useful to see what advances in knowledge have occurred since that time.
Ten years ago, concentration of attention on the phenomenon of ageing was still fairly new and was stimulated by the fact that, for various reasons, but in particular because new drugs were reducing the mortality rate from infection, more and more people were surviving into old age. Whereas in 1870 in this country only one person in twenty was over 65 years of age, today the corresponding figures are about one in eight (Williamson & Johnson 1970) . Fig 1 depicts the life span in a very simple way. There is a period of gradual development of increasing body efficiency in childhood and adolescence until what we call maturity is reached. After a long period of little change, there is a gradual decline in powers, especially physical ones, which we call senescence. Not only is the time at which age changes become evident very variable, but many of the tissue changes that are associated with, or may be the cause of, the decline of power, occur quite early. Almost as soon as we have passed from adolescence, deteriorative changes begin in some tissues. Hence the curve begins to slope downwards slightly from the point of maturation. What can only be regarded as deteriorative changes can be detected in joints as early as the age of 25-30 years (De Palma 1957 , Davies 1961 . Similarly, the vascular changes characteristic of old age can be detected almost as early (McMillan 1969) . Other changes, such as loss of muscle strength, begin much later.
Ten years ago, it was still a matter of question whether the period of decline and the apparent limitation of life span that we are so familiar with in man are features of other forms of life. After all, living things are not like engines with moving parts that are bound to show wear in the course of time. Living tissues have powers of repair, and at a cellular or subcellular level most, if not all, parts are gradually being replaced all the time. The maintenance of cell cultures for very long periods has even suggested that our individual cells, in isolation, may be immortal. Although these questions are still not completely settled, a great deal of evidence has accumulated from study of living forms of various kinds, ranging from invertebrates and fishes to rats and mice, as well as man, to suggest that this state of ultimate decline is an intrinsic part of the nature of most, if not all, forms of metazoan life (Strehler 1967) . The sum of evidence suggests that it is not due simply to the cumulative effect of partial recovery from environmental injuries; nor to the fact that, as all of us are exposed to dangers in our environment, sooner or later one of them is bound to carry us off.
Although most living tissues have a capacity to repair or renew themselves, the dentition is a notable exception. Given enough use for long enough, the crowns of the teeth must wear away as inevitably as the moving parts of a machine. Nevertheless this is not the condition in all mammals, because some haye teeth that are of continuous growth. It is even less true of the majority of non-mammalian vertebrates where there are apparently limitless generations of teeth and, as one generation is worn away or lost, another takes its place.
In the wild state, an animal seems to be so dependent on its dentition that, if it became worn out through use, the animal would be hardly likely to survive for long. Flower (1931) was therefore of the opinion that the potential length of life of most mammals depends on the durability of the dentition. On the other hand, the loss of modern man's dentition diminishes his chance of survival but little; in fact modern man gives his dentition so little work to do that, at the rate of wear we see today, his dentition would probably serve for a life span of 200 years. In former times it was different. Fig 2 shows part of the very much worn dentition of an Anglo-Saxon of about AD 800. If he was a chieftain this may not have been a serious handicap but, if he was a poor peasant, it might well have made it impossible for him to survive in his harsh environment (Miles 1963a (Miles , 1969 . Fig 3 shows a rather similar worn-out dentition in a chimpanzee. These animals very rarely survive long enough in the wild state for the dentitions to become so worn, but this was one of a number who live largely by raiding cultivations in West Africa. It seems that, provided they avoid being shot, these animals, having learned to take advantage of man's presence, have appreciably lengthened their life span (Jones & Cave 1960) . However, these are matters merely of special dental interest and, although a worn-out dentition could contribute to the ultimate end-point of senescence, it is a manifestation of the process rather than its fundamental cause. dentition ofan Anglo-Saxon, c. AD 800, ofpresumptive age 55. There has been ante-mortem loss of some teeth and thepulp cavities ofseveral are exposed by wear. Odontological Museum specimen B.70.
(Reproducedfrom Miles 1963a, by kind permission)
The past ten years have brought forth a number of new ideas about the ultimate cause or mechanism of senescence and two are relevant to the dentition. The first is the mutation theory, which proposes that the accumulation of minor imperfections in the replication of the gene material of cells leads to an irreversible deterioration in the efficiency with which cells operate (Curtis 1968 ). In the case of cells that are constantly dividing throughout life, this is easy to understand. Every fault in mitosis would be transmitted to the descendants of cells, and the accumulation of occasional errors in the course of many generations would obviously become serious. These errors in replication of the genetic DNA code have been compared with errors made by a typist in copying an original script. The cumulative errors made in repeated typings, or replications, would eventually change the meaning of words or of sentences.
Apart from cell division, the process of replication of DNA, RNA and other like molecules goes on less dramatically but at least as frequently. The cumulative effect of random errors in the complex replication processes within the cell can obviously in the course of time be very large and lead to change in the nature or quality of the products of the cell. It seems possible that the effect would be greater on cells that do not divide than on those that do, because mitosis involves a process of rebirth in which the accumulation of past errors is to some extent eliminated by what we might call natural selection; the worst-affected cells would tend to die and the least affected would have correspondingly more descendants.
The neurones are the outstanding example of cells that do not divide; it has been said that we are as old as our nerve cells. By the same token, we are also as old as our odontoblasts because, Fig 3 Dentition ofan aged West Africanfemale chimpanzee which hadsubsistedfor some years by raidingfarms with a more ready supply ofeasily masticatedfood than its naturalforest habitat. Described by Jones & Cave (1960) . Odontological Museum specimen C.2.27 Sectlon ofOdontology although there is some evidence to suggest that odontoblasts may occasionally reproduce themselves in repair of traumatic injuries to the pulp, the vast majority do not.
Another theory of ageing, which is really a variation on the mutation one, is that it is basically an autoimmunity phenomenon which arises from mutations or errors of replication in somatic cells (Walford 1967) . Burch (1968) , whose writings over the past decade have catalysed fundamental rethinking about the ultimate causes of many disorders, has developed a particular theory of autoaggression. This postulates that specific change, involving only one or two somatic mutations, is magnified by the growth of a 'forbidden clone' of descendant cells from a mutant stem cell of the lymphoid system. These descendant cells, or their humoral products, wage a sort of chronic warfare against target cells in the body that carry complementary recognition molecules which themselves may have changed their character by somatic mutation. These autoaggressive interactions are likely to lead to a gradual lowering of the efficiency of various metabolic mechanisms. Much of the evidence for senescence and other disorders being of autoaggressive origin is statistical and depends upon the nature of the age and sex distributions of various disorders in large populations (Burch 1968) .
At this point we can return to the focal point of my Addressthe dentitionbecause Burch, in collaboration with Professor D Jackson, an expert in the epidemiology of dental disease, has proposed from statistical evidence that not only is the greying ofhair an autoimmune phenomenon, but also the loss of teeth (Burch & Jackson 1966 , Burch et al. 1971 . The loss of teeth with advancing age that Burch & Jackson claim to be due to autoimmunity is, of course, mediated by dental caries and periodontal disease. The latter, because clearly mediated by the cellular processes of the body, could conceivably be affected by a gradual lessening of efficiency of cellular processes as postulated by Burch and other supporters of the mutation and autoimmunity theories of ageing, though most of us would wish to reserve judgment until more direct supporting evidence, other than statistical, is forthcoming.
In respect of caries, Jackson & Burch (1969 ( , Burch 1968 ) postulate that odontoblasts are the target cells of an autoimmune process which disturbs their metabolism; the damaged odontoblasts then fail to maintain the integrity of the associated protein matrix in the dentine and enamel and the latter is thus rendered vulnerable to external destructive factors. That odontoblasts, like other cells, could be affected by autoimmunity is easily conceivable. On the other hand, the postulated influence of the odontoblasts over the properties of the enamel surface appears to be contrary to a considerable weight of evidence which suggests that, if at any time the properties of enamel are influenced from within, this is an influence that markedly diminishes as age advances. Nevertheless, the Jackson & Burch hypothesis remains as a challenge which should stimulate further investigation. In time immunological techniques will very probably be developed which will demonstrate directly in odontoblasts the presence or absence of the postulated changes in antigenic properties.
Of a number of changes in the teeth that appear to be related to advancing age and which are used in assessing age for forensic purposes, translucency of the root apex (Fig 4) seems to be the most reliable, or the one with the closest straight-line relationship with age (Miles 1963a). It seems that, in a fairly orderly way, there is a gradual extension of the processes responsible for this translucency further and further in the direction of the crown as age advances until, in due course, the whole of the root may be affected.
It has been shown that the dentine is translucent because the tubules have become obliterated by the deposition of so-called peritubular dentine within them. Steadman (1927) , who is one of the few to discuss the cause of this condition, believed it to be related to periodontal disease and due to the reaction of the odontoblasts to bacterial toxins derived from the gingival margin. As slowly progressive periodontal disease in some degree is almost universal, starting in young adult life, this would explain the correlation of apical translucency with age. It might be supposed that the toxins reach the apical pulp as a result of the pumping action of tooth movement during mastication. Occasional pumping action ofgreater force could carry toxins further into the pulp and these would tend to produce a gradually extending effect because, like all random events, they would tend to accumulate with time. It is necessary to postulate some fairly direct action on the bodies of the odontoblasts rather than something acting at the peripheral ends of the tubules for two reasons; first, because it has been shown (Stones 1934 , Stewart-Ross 1933 ) that dyestuffs and bacterial toxins cannot penetrate the root surface except in the apical region itself; secondly, because if anything did act at the periphery to produce obliteration of the tubular system in the dentine it would be self-limiting, i.e. once the extreme peripheral ends of the tubules were obliterated toxins could not penetrate further. It seems possible, however, that the underlying cause of this condition is some sort of change in the pulp or odontoblasts of the nature of an intrinsic age change, possibly to be brought in line with the mutation or autoimmunity theories of ageing. Jackson & Burch (1971, personal communication) have agreed that statistical analysis of data on the extent of root translucency at various ages might reveal this in terms of their hypothesis. This provides a way of investigating this phenomenon in the future but my immediate investigations have been along rather different lines.
To try to find out what changes occur in odontoblasts or pulp in relation to apical translucency, I took thick slabs of teeth similar to that shown in Fig 4, but preferably ones where the junction between translucent and non-translucent dentine was more sharply demarcated. I drilled small were translucent. A marker hole is situated at the junction oftranslucent (above) and nontranslucent dentine (below). There is a predentine zone associated with odontoblasts at A but, at the level of the marker hole, the odontoblasts have disappeared and thepredentine zone narrows. At B there is a zone ofhwmatoxyphilia which becomes more pronounced apically. Hwinatoxylin and eosin. x 11.5 (Reproducedfrom Miles 1963b, by kindpermission) marker-holes at the junctions, demineralized the slabs and cut thin sections. In all 9 teeth studied from persons ranging in age from 30 to 56 years, odontoblasts were present at the surface of the non-translucent dentine but not at that of the translucent dentine. There was also no predentine zone but, in most instances, an irregular zone of strong haematoxyphilia at the dentine surface. Furthermore, at the level of the marker holes, there was a transition zone in which odontoblasts became smaller and sparser and the predentine zone gradually narrowed, with hematoxyphilia appearing at the dentine surface ( Fig 5) .
It seems therefore that the changes of translucency in apical dentine are associated with the ultimate disappearance of odontoblasts. The details of this process and its ultimate cause are not explained but these observations do appear to vindicate the aphorism that changes in tissue are mediated by cells, in this case predominantly by the odontoblasts.
It is undesirable to consider teeth in complete isolation from their environment and I therefore Section ofOdontology Fig 8A, section throughfoliate papilla ofman aged 63, excised because ofpersistent soreness. A indicates a typical normalpart ofthepapilla with taste buds in the epithelium anda cellular subepithelium with a rich nerve supply. At B the subepithelium is heavily infiltrated with inflammatory cells andat C this tissue shows lymphatic tissue germinal centres. Van Gieson. x 35. B, enlarged view ofarea indicated bypointer in A. To the right is the periphery ofthe chronic inflammatory cell infiltration which extends among the nerve bundles on the left, some ofwhich are cut in cross-section but others, ofshort lengths, cut longitudinally. Pointer indicates a sinigle ganglion cell. Vani Gieson. x 430 propose to refer briefly to some of the changes clinically evident in the oral mucosa in advancing age. One of the commonest and most readily seen is nodular varicose enlargement of the superficial veins on the under surface of the tongue (Fig 6) . In a small survey of 40 people of both sexes over the age of 65 years, I found that about 70% showed some degree of this condition. This conforms to the findings of Bean (1952) . Smaller but similar vascular nodules tend to occur also on the mucosa of cheeks and lips. Bean (1956) has noted an association between these sublingual varicosities and the minute spidery naevi that tend to appear on the skin in advanced age. Kleinman (1967) confirmed that they do not have any significant association with cardiac or pulmonary dysfunction and a little has been reported on the microscopy of the lesions (Koscard et al. 1970 ).
Yet another easily seen and common feature of the oral mucosa of old people is the presence of large numbers of particularly large Fordyce spots on the cheeks (Fig 7) . These are, of course, sebaceous glands. If they have a function it is completely unknown, but they tend to increase in numbers with age (Miles 1963b).
In old age the oral mucosa is often thin, relatively dry and easily abraded. A variety of symptoms centred upon the oral mucosa, burning and abnormal taste sensations for example, are common in old people and particularly in postmenopausal women. It is not uncommon for these complaints to be directed to the posterior region of the tongue margin, namely to the region of the foliate papille, although, judging by the little that has been written about them, these papillae have attracted but little attention (Simpson Fig 9A, section through region offoliatepapillee in autopsy specimenfrom man aged 66. The rounded projection is an atrophicpapilla. There are afew taste buds, the characteristic subepithelium has been partly obscured by inflammatory cells and the rich innervation is present in the base. Pointer indicates a single ganglion cell. B, another areafrom same specimen, showing afoldprojectingfrom the surface ofthe mucosa. There are afew taste buds, afocus ofchronic inflammation anda system oftortuous nerve bundles enters thepedicle. Pointer indicates a ganglion cell. Van Gieson. x 35 806 Proc. roy. Soc. Med. Volume 65 September 1972 28 1959 , 1964 . Clinically, they tend to come to notice in two ways. First, there is the patient, generally middle aged and usually a woman who often turns out to have an anxiety about cancer, who says she has an ulcer at the back of her tongue. She pulls her tongue forward and points to the foliate papilla, usually normal papilla which her anxious inspection has caused her to discover. Seen for the first time, their appearance is understandably alarming because they often look red and projecting. Sometimes a pathologist's report on a biopsy is needed to reassure both clinician and patient that there is not a proliferating neoplasm.
Secondly, there are patients who complain of persistent soreness of this region. They also tend to be alarmed at the discovery of the foliate papill. Biopsy of these often shows inflammatory changes of a nonspecific character, and the soreness of which patients complain may be very persistent, eventually only to be dispelled by excision of the papillk. These papillk present a practical problem characteristic of elderly people, and my experience of the histology of this region suggests that much interest lies in this rather neglected part of the tongue, which is worthy of greater clinical and laboratory study.
Mucous glands, the glands of Ebner, open into the clefts between the folds and large numbers of taste buds are present in the folds themselves. The subepithelial tissue of the folds presents some interesting features. The subepithelium related to the taste buds is notably free of collagen and it is always richly innervated ( Fig 8A) . Small nerve bundles pass into it, pursuing tortuous courses so that the same bundle may be cut several times in the same plane of section. It seems likely that these nerve bundles are concerned with sending terminal branches to the taste buds, but it is notoriously difficult to demonstrate fine nerve endings. Many of these bundles represent the nerve supply passing up to the dorsum of the tongue to supply the mucous glands and taste buds there as well as those of the foliate papillae.
Widely distributed among these abundant nerve bundles are nerve cells, either single ones or groups of 2 or 3, which are almost certainly parasympathetic ganglion cells (Fig 8B) .
From a study of foliate papillR from people of advanced age, some obtained from autopsies and others from biopsies, it seems that this region can undergo various changes, though the extent to which these are responsible for symptoms is at present uncertain. There appears to be a tendency for the number of taste buds to diminish in advanced age, and focal collections of chronic inflammatory cells are very common, perhaps due to the ingress of microorganisms, or at least of their toxins, through the thin epithelium of this region. The papillae may be very small and seemingly atrophic, being recognized in sections, in spite of infiltration with chronic inflammatory cells, only by virtue of traces of the basic architecture, such as an area of richly innervated, relatively collagen-free subepithelium in association with a few taste buds ( Fig 9A) .
Sometimes lymphatic tissue complete with germinal centres is found in the papillaeven areas with a histology closely resembling that of the faucial tonsils ( Fig 8A) . The question arises whether such lymphatic tissue is a normal feature of the region or arises, as I suspect, as germinal centres within areas of intense or prolonged local inflammation.
I have ranged rather widely and superficially over topics that are only tenuously connected by the common denominator, ageing. My purpose has been to show that there is much of interest in the mouth in advanced age, even when we contemplate it with unaided eyes. More questions arise than answers, and it is my earnest hope that I may stimulate others to seek the answers.
